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Abstract 
Situations of water resources of inland river basins in the arid Northwest China will be effected profoundly by the 
accelerating glacier melt in the future. Based on both the scenarios of climatic warming, accelerating glacier melt and 
socioeconomic development in the future, the vulnerability of water resources system of Yarkent River basin from 
2010 to2030 is assessed quantitatively using the indicator of water deficient ratio. The results show that that the water 
resources of Yarkent River basin will increase continuously in the future 20 years mainly because of the effect of 
climatic warming and accelerating glacier melt, that the water resources system will be vulnerable in recent future 
years, and that in the metaphase of the 21st century the water supply will be over the demand and the water deficiency 
situation will be relieved greatly. Contrast to the unchanged glacier melt, the climate warming and the accelerating 
glacier melt resulted have the role to relieve the supply-demand strain to some extent.  
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1. Introduction 
Glacial melt water is one of important sources of the inland river in the arid Northwest China, 
maintaining the ecological functions, the life of people and the economic development of the basin. But 
with the global warming, the accelerating glacier melt is impacting profoundly the water resources 
conditions of the inland river basins in the arid Northwest China [1-6]. However, the water resources 
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conditions of the inland river basins under the background of global warming and accelerating glacier 
melt have not been researched completely yet, and most of the existing researches focus on the natural 
process of the response of the water resources to the climate warming and the accelerating glacier melt 
resulted [3-6]. As known, the water resources system has both the natural and social-economical 
attributes [7], and is effected by both the natural and socioeconomic factors. In this study, based on the 
comprehensive examination of the climate warming, accelerating glacier melt and socioeconomic 
development in future, the vulnerability of the water resources system of Yarkent River basin is evaluated 
in term of the equilibrium of the supply and demand of water resources under the background of the 
climate warming and the accelerating glacier melt in the future. 
2. Study area 
Yarkent River basin lies in the southwest brim of Tarim Basin in the south of Xinjiang of China, with 
total area 98,900 km2 and total population 1,897,000. Presently, this basin is still one of the 
underdeveloped regions of China, and the per capita GNP was only̞3943 equal to one third of national 
per capita GNP in 2008. 
Yarkent River basin is abundant in water resources added up to 77.6×108m3, with Surface water 
76.79×108m3 and net ground water 0.81×108m3 [8]. Because of the arid climate, the runoff of Yarkent 
River is mainly supplied by the glacier melt water from its upper mountain area, and the glacier melt 
water accounts for 57.3% of the total average runoff for many years [9]. So, the glacier melt water is very 
important to the life of local people and the socioeconomic development in this basin. With the climate 
warming in recent decades, however, the upper glaciers have been melting rapidly and their areas have 
been shrinking greatly. Since1960s, the areas have decreased by 183.33km2, that is, by average 7.8km2
every year.  
3. Methods and data 
3.1 Research thinking 
The vulnerability of water resources means the changes of the quantity, composition of the water 
resources and in turn the changes of the supply and demand of water resources under the combined act of 
the natural and human factors [10]. So, the assessment of the vulnerability of water resources necessarily 
is comprehensive, including to evaluate the supply and the demand of water resources, and needing to 
consider multi-factors. Therefore, systematical analysis method is often applied to evaluating the 
vulnerability of water resources, comprehensively analyzing the impact of the external environmental 
factors on the equilibrium of the supply and demand of water resources [10]. Note that the demand of 
water resources has to be evaluated based on the assessment of the growth of the population and 
production scales for the demand of water resources are mainly resulted from the human activities. 
The scenarios of runoff changes driven by the climate warming and the accelerating glacier melt and 
those of population and socioeconomic changes in the research areas in future 20 years are constructed 
firstly in this research, and then based on these scenarios the supply and the demand of the water 
resources in the future 20 years are evaluated respectively. Based on this evaluation, the equilibrium of 
the supply and demand of water resources, namely the vulnerability of the water resources of the research 
area, is evaluated. For convenience, water deficient ratio is used to reflect the vulnerability of the water 
resources. 
3.2 Computing methods  
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Available water resources 
Because the inland river basins in the arid Northwest China almost are of hydrological closure, and the 
glacier melt water of and the rainfall in the upper mountain area are mostly the sole source of runoff of 
these basins, the runoff in mountain area generally stands for the maximum available water quantity of 
the whole basin. In order to predict the runoff in mountain area of Yarkent River basin in the future, the 
regression model of the runoff in mountain area provided by Cheng [11] is adopted. This model was 
developed by using the runoff data at Kaqun hydrologic station from1954 to 2000, just when the climate 
is warming and the glacier melt rapidly.  
Demand of water resources 
The demand of water resources of the basin is the function of the population size, the economic scale 
and so on. The IPAT equation is used to identify the demand of water resources in this research [12]. The 
IPAT equation means that the impact (I) of human activity on the environment is the product of 
population size (P), affluence (A, i.e. per capita consumption or production) and technology (T, i.e. the 
effect of the consumption per unit on the environment). IPAT equation means that the impact of the 
human activity on the environment is the result of synthetic act between three key forces namely the 
population size, the per capita consumption or production and the level of technology. In this research, the 
IPAT equation means that the demand of water resources of the research area (I) is the product of the 
population size (P), the per capita GDP (A) and the water consumption per unit of GDP (T). 
The population size of the research area in future 20 years is predicted by using the logistic model of 
population growth. Because the impacts of both external environmental factors and the population size on 
the population growth are taken into account, the logistic model more rationally reflects the growth 
pattern of population in the future [13]. The model parameters are identified firstly by using the 
population data of the research area from 1978 to 2005, and then the modelling model is established to 
predict the population of the research in future 20 years. The values predicted fit well the actual growth of 
population from 2006 to 2010.  
  The per capital GDP in future 20 years is predicted using the regress model established based on the 
data from 1978 to 2005, where the production data used are adjusted to be equal in value every year in 
order to eliminate the effect of price fluctuation on GDP. Note that the data of the research area since 
1978 are used in this research for the population and economic policies in the research area are stable 
relatively and may consistent with those for many years in future. So the models established may predict 
the per capita GDP in future quite well. 
Water consumption of GDP per unit in the future depends on many factors such as economic benefits 
and water-saving technology and so on, and so it is very difficult to identify it for the economic 
development and the input of water-saving technology is uncertain. Such, for convenience the empirical 
value of the average declining rate of water consumption per GDP in past 20 years is used to predict the 
water consumption of GDP per unit in future based on the data of 2005 and its value is -7.56%.
3.3 Data sources 
When the runoff in the mountain area in research area is modelled using the integrated hydrological 
model of HBV, the climate data inputted are obtained from the data set of climate change in Chinese 
regions in future 100 years, which is provided by National Climate Centre of China in 2008. The 
population and economic data used in the prediction of water demand come from statistic yearbook of 
Kashgar District from1978 to 2005.   
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4. Results and analysis 
4.1 Scenarios of water supply 
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Fig. 1 The runoff in the mountain area of Yarkent River Basin in future 20 years (108m3)
As shown in Fig.1, the total runoff (Q) and the increment of glacial melt runoff (I) of Yarkent River 
may increase rapidly in the future 20 years. Compared to the values in 2005, they will increase by 
9.77×108m3 and 8.16×108m3 respectively in future 20 years. The results are similar to those obtained by 
Shi and Ding et al. [1, 14]. that the quantity of the water resources of Yarkent River basin will increase 
continuously in the future 20 years mainly because of the effect of climatic warming and accelerating 
glacier melt. 
The glacier melt water accounts for more than 80% of the increment of total runoff of Yarkent River 
basin which manifests that the change of water resources situation in the future will depend on the climate 
change and the accelerating glacier melt resulted. In order to identify further the impact of the climate 
change and the accelerating glacier melt on the water situation of the basin, the total runoff of the basin 
without the increment of the glacial melt water being involved in future 20 years, that is QĄis calculated. 
As shown in Fig 2, the runoff of the river basin may increase quite slowly and finitely, if the climate and 
the glacier melt are assumed not to change in the future.   
4.2 Scenarios of water demand 
Table.2 Demands of water resources of Yarkent Rive Basin and its main counties in future 20 years (108m3)
year 2010 2015 2020 2025 2030 
demands 83.46 82.30 81.72 76.49 65.83 
As shown in table 1, the demand of water resources of the basin decreases in general in the future 
decades. And the demand of the whole basin may decrease by 18.16×108 m3 in the future 20 years. This 
decrease of water demand may be due to the rapid improvement of the water-saving technology and the 
increase of economic efficiency. However, the water demand will maintain quite large in the future 20 
years, because the low economic efficiency and the irrational structure of water use at present may not be 
improved soon. For example, because the agriculture whose input-output benefit is low is most important 
industry in the basin and its water consumption accounts for over 90% of the total consumption of the 
basin, the water consumption of per ten thousand yuan is large presently up to 8,804m3 per ten thousand 
yuan, which is well above the average of China in the same period. 
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4.3 Vulnerability of the water resources system 
Based on the scenarios of the supply and the demand of water resources in the future 20 years, the 
vulnerability of water resources in Yarkent river basin can be assessed. The water supply of the whole 
basin may fall short of the water demand until 2023 and the water deficient ratio is about 4-7%, which 
means that the water resources system of the whole basin may be quite vulnerable in future over 10 years 
generally. From 2020 to 2025, the water supply of this county may be equal to the water demand roughly, 
and then greater and greater than the demand, which means that the water resources systems of the whole 
basin would get more and more not vulnerable after about 2023. 
If the increment of the melt water is not involved (as shown in the sections b of the Fig.2), the periods 
when the water demands of the whole basin exceed the water supplies may become longer and the water 
deficient ratio will increase obviously, which indicates that the climate warming and the accelerating 
glacier melt are useful to decrease the vulnerability of water resources system and relieve the water 
pressure of Yarkent river basin to some extent in the future 20 years. 
Fig.2  Equilibrium of supply and demand of water resources of areas in future 20 years of (a) under the background of the 
accelerating glacier melt and (b) under the background of the no accelerating glacier melt. 
5. Discussions  
Although the main inland rivers in the arid Northwest China are all feed by the glacial melt water, the 
impacts of the climate warming and the accelerating glacier resulted on the water resources situations of 
the inland river basins are widely divergent inevitably for the glacial resources endowment in the upper of 
each basin and the contribution of the glacial melt water to the runoff are quite different. Yarkent River 
basin as a study case can be stand for the basins possess many huge and thick glaciers in their upper 
mountain area and are feed mainly by glacier melt water.  
Contrasting to the problems of water quality, the problem of water shortage is much more critical under 
the background of climate warming and accelerating glacier melt in the arid region. So the water deficient 
ratio which indicates the strain between the supply and the demand of water resources is chosen as the 
evaluation indicator of the vulnerability of water resources system and water quality is not involved or 
evaluated. 
The water supply predicted is the maximum available water resources for the basin for the runoff loss 
in channels not taken off from it, and the water demand predicted is the minimum water demand of the 
whole basin for the domestic water demand and the ecological water demand are not included. So, the 
actual vulnerability of the research area in the future every period may be even more severe than the 
predicted. 
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6. Conclusions 
The available water resources of Yarkent river basin will increase constantly and obviously in the 
future 20 years driven by the climate warming and accelerating glacier melt, and the increment of the 
glacier melt water becomes the most important contributor to the increase of them. Driven by the 
improvement of the water-saving technology mainly, the water demand of the basin in the future decrease 
constantly, but the water demand of each county will maintain quite large in the future 10 years around 
for the present low efficiency of water use. Under the combined act of the natural and human factors, the 
water resources system of the whole basin may be quite vulnerable in future 10 years generally, and then 
become not vulnerable. Further analysis shows that the climate warming and accelerating glacier melt 
may relieve the strain between the supply and demand of water and diminish the vulnerability of water 
resources system of Yarkent river basin through increasing the glacial melt water in the future 20 years.   
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